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(54) PARKING EXIT ASSIST DEVICE

(57) In the case that a user’s own vehicle (10) cannot
pull out from a parking space without turning back steer-
ing, a parking exit assist device (12) carries out a parking
exit assist control by setting the size of a target steering
angle (θtar) in an exit-from-parking trajectory setting unit
(56) to a first steering angle (θ1). On the other hand, in

the case that the user’s own vehicle (10) is capable of
pulling out from the parking space without turning back
steering, the parking exit assist device (12) carries out a
parking exit assist control by setting the size of a target
steering angle (θtar) to a second steering angle (θ2)
which is smaller than the first steering angle (θ1).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a parking exit
assist device configured to assist a vehicle in pulling out
from a parking space.

Description of the Related Art:

[0002] Conventionally, a parking exit assist device has
been known that assists a vehicle in pulling out from a
parking space. For example, a parking exit assist tech-
nique has been developed in which, when a parallel
parked vehicle pulls out from a parking space, the driver
is guided to perform forward and reverse operations of
the vehicle, together with carrying out automatic steering.
[0003] In Japanese Laid-Open Patent Publication No.
2014-121984, a parking exit assist device is proposed in
which, if a vehicle is capable of pulling out from a parking
space without turning back steering, automatic steering
is performed so as to increase the steering angle with
respect to a target steering angle set corresponding to a
distance between the vehicle and a front obstacle and a
rear obstacle. In accordance with this feature, it is de-
scribed that, after termination of the assist control, even
if the driver releases the steering wheel, and the steering
angle returns by a return amount in accordance with the
steering characteristics of the vehicle, collision with an
obstacle in front of the vehicle can be avoided.

SUMMARY OF THE INVENTION

[0004] However, in the device proposed in Japanese
Laid-Open Patent Publication No. 2014-121984, if the
driver grips the handle (steering wheel) in a state in which
an increase is carried out with respect to the target steer-
ing angle, the following inconvenience may occur. FIGS.
15A and 15B are diagrams showing a state in which a
user’s own vehicle 1 is pulling out from a parallel parking
space 3 while avoiding another vehicle 2 in front of the
user’s own vehicle 1, and the driver is attempting to
merge into a travel lane 4. FIG. 15A shows a case in
which the driver has gripped the steering wheel, and FIG.
15B shows a state in which the driver has released the
steering wheel. In the case that the driver has gripped
the steering wheel, the present steering angle (hereinaf-
ter referred to as a present steering angle) is increased
in a clockwise direction with respect to the target steering
angle. In the case that the driver has gripped the steering
wheel (FIG. 15A), the angle of the user’s own vehicle 1
in the vehicle longitudinal direction with respect to the
direction of the travel lane 4 becomes greater in compar-
ison with the case in which the driver has released the
steering wheel (FIG. 15B). Therefore, there is a concern
that the driver will need to significantly turn back steering

of the steering wheel in a counterclockwise direction in
order for the user’s own vehicle to merge into the travel
lane 4.
[0005] The present invention has been devised with
the aim of solving the aforementioned problem, and has
the object of providing a parking exit assist device, which
is capable of reducing the steering burden of the driver
after pulling out from a parking space has been complet-
ed.
[0006] A parking exit assist device according to the
present invention comprises a front detection unit con-
figured to detect at least a frontward distance from a us-
er’s own vehicle to a front obstacle in front of the user’s
own vehicle, a rear detection unit configured to detect at
least a backward distance from the user’s own vehicle
to a rear obstacle behind the user’s own vehicle, a target
steering angle setting unit configured to set a size of a
target steering angle to a first steering angle, in a case
that a travel direction of the user’s own vehicle is switched
from one to another or from the other to the one of a
forward direction and a reverse direction, and an assist
control unit configured to carry out an assist control to
set a steering angle to the target steering angle.
[0007] In an event that at least one from among the
following three conditions is satisfied,
first condition: a travel distance of the user’s own vehicle
from having switched the travel direction from the one to
the other and until switching back from the other to the
one is greater than or equal to a predetermined distance;
second condition: when the travel direction is the one,
an angle of a detected direction of the front obstacle as
detected by the front detection unit with respect to a ve-
hicle longitudinal direction of the user’s own vehicle, or
a detected direction of the rear obstacle as detected by
the rear detection unit with respect to the vehicle longi-
tudinal direction of the user’s own vehicle is equal to or
greater than a predetermined angle; and
third condition: an angle of a current vehicle longitudinal
direction of the user’s own vehicle with respect to the
vehicle longitudinal direction of the user’s own vehicle at
a time the assist control was started is greater than or
equal to a predetermined angle,
when the travel direction is switched from the other to
the one, the target steering angle setting unit is config-
ured to limit and set the size of the target steering angle
to a second steering angle which is smaller than the first
steering angle.
[0008] If the user’s own vehicle can pull out from a park-
ing space without turning back steering in the travel di-
rection after the travel direction has been switched, and
if it is possible to pull out from the parking space with a
steering angle which is smaller than the maximum steer-
ing angle capable of being controlled by the assist control
unit, then the second steering angle, which is smaller
than the maximum steering angle (first steering angle)
capable of being controlled, can be set as the target steer-
ing angle. Consequently, compared to a case in which
the target steering angle is set to the first steering angle
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at a time that the user’s own vehicle is capable of exiting
from parking without turning back steering, it is possible
to reduce the angle of the user’s own vehicle in the vehicle
longitudinal direction immediately prior to exiting from
parking with respect to the direction of the travel lane into
which the user’s own vehicle intends to merge. Thus, the
amount of steering made by the driver can be reduced
when the user’s own vehicle merges with the travel lane.
Further, it is possible to suppress the amount at which
the user’s own vehicle enters into the travel lane. Thus,
a sense of security can be given to the driver of the user’s
own vehicle, and a sense of anxiety imparted to drivers
of other vehicles traveling in the travel lane can be re-
duced.
[0009] Further, the target steering angle setting unit is
configured to set the second steering angle to be smaller
as the travel distance of the user’s own vehicle from hav-
ing switched the travel direction from the one to the other
and until switching back from the other to the one be-
comes longer, set the second steering angle to be smaller
as the angle of the detected direction of the front obstacle
as detected by the front detection unit with respect to the
vehicle longitudinal direction of the user’s own vehicle,
or the detected direction of the rear obstacle as detected
by the rear detection unit with respect to the vehicle lon-
gitudinal direction of the user’s own vehicle becomes
larger, and/or set the second steering angle to be smaller
as the angle of the current vehicle longitudinal direction
of the user’s own vehicle with respect to the vehicle lon-
gitudinal direction of the user’s own vehicle at the time
that the assist control was started becomes larger.
[0010] It is possible to set the second steering angle
to the smallest possible steering angle, while still being
a steering angle at which the user’s own vehicle is capa-
ble of avoiding the front obstacle or the rear obstacle.
Consequently, it is possible to reduce the angle of the
user’s own vehicle in the vehicle longitudinal direction
immediately prior to exiting from parking with respect to
the direction of the travel lane into which the user’s own
vehicle intends to merge. Thus, the amount of steering
made by the driver can be reduced when the user’s own
vehicle merges with the travel lane.
[0011] Further, the target steering angle setting unit is
configured to set the first steering angle to a maximum
steering angle capable of being controlled by the assist
control unit. It is possible to minimize the turning radius
of the user’s own vehicle. Thus, the number of times at
which steering is turned back until the user’s own vehicle
is able to pull out from the parking space can be reduced.
[0012] Further, the one of the travel directions is the
forward direction, and the other is the reverse direction,
and in a case that the travel direction is switched from
the forward direction to the reverse direction, and when
at least one from among the three conditions of the first
condition, the second condition, and the third condition
is satisfied, the target steering angle setting unit is con-
figured to set the target steering angle to the second
steering angle, and set the second steering angle respon-

sive to the travel distance in the reverse direction of the
user’s own vehicle from having switched the travel direc-
tion from the forward direction to the reverse direction
and until switching back from the reverse direction to the
forward direction.
[0013] It is possible to set the second steering angle
corresponding to the travel distance when the user’s own
vehicle moves in reverse at a time of backward move-
ment and before the travel direction of the user’s own
vehicle is switched from the reverse direction to the for-
ward direction. The second steering angle can thus be
set as small as possible while enabling the front obstacle
to be avoided. Consequently, it is possible to reduce the
angle of the user’s own vehicle in the vehicle longitudinal
direction immediately prior to exiting from parking with
respect to the direction of the travel lane into which the
user’s own vehicle intends to merge. Thus, the amount
of steering made by the driver can be reduced when the
user’s own vehicle merges with the travel lane.
[0014] In a case it is determined that pulling out from
a parking space is possible, in accordance with a condi-
tion of the front obstacle as detected by the front detection
unit at a time of switching the travel direction from the
forward direction to the reverse direction, and next time,
in accordance with forward traveling after having
switched the travel direction from the reverse direction
to the forward direction, the target steering angle setting
unit is configured to set the second steering angle to a
steering angle between a maximum steering angle ca-
pable of being controlled by the assist control unit and a
minimum steering angle capable of avoiding the front ob-
stacle.
[0015] In the case that the user’s own vehicle is capa-
ble of exiting from parking without turning back steering,
it is possible to prevent the target steering angle from
becoming excessively large. Thus, during a situation of
parallel parking, it is possible to reduce the angle of the
user’s own vehicle in the vehicle longitudinal direction
immediately prior to exiting from parking with respect to
the direction of the travel lane into which the user’s own
vehicle merges. Owing thereto, the amount of steering
made by the driver can be reduced when the user’s own
vehicle merges with the travel lane.
[0016] In accordance with the parking exit assist device
according to the present invention, the amount of steering
made by the driver can be reduced when the user’s own
vehicle merges with the travel lane.
[0017] The above and other objects, features, and ad-
vantages of the present invention will become more ap-
parent from the following description when taken in con-
junction with the accompanying drawings, in which a pre-
ferred embodiment of the present invention is shown by
way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]
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FIG. 1 is a block diagram showing a configuration of
a user’s own vehicle equipped with a parking exit
assist device according to an embodiment of the
present invention;
FIG. 2 is a schematic plan view showing an exem-
plary arrangement of a camera group and a sonar
group on the user’s own vehicle of FIG. 1;
FIG. 3 is a schematic diagram showing the distance
region with respect to front sonar devices;
FIG. 4 is a schematic diagram showing a series of
operations of the user’s own vehicle in accordance
with a parking exit assist control;
FIG. 5 is a state transition diagram of a parking exit
assist control mode;
FIG. 6 is a flowchart showing the flow of processes
in the parking exit assist control mode of an assist
ECU;
FIG. 7 is a flowchart showing the flow of processes
in a forward traveling mode of the assist ECU;
FIG. 8 is a flowchart showing the flow of processes
in the forward traveling mode of the assist ECU;
FIG. 9 is a map of a second steering angle;
FIG. 10 is a flowchart showing the flow of processes
in a rearward traveling mode of the assist ECU;
FIG. 11 is a diagram for explaining setting of an exit-
from-parking trajectory in the forward traveling
mode;
FIG. 12A is a diagram showing a positional relation-
ship between the user’s own vehicle, another vehicle
in front of, and another vehicle behind the user’s own
vehicle during the parking exit assist control after an
Nth turning back of steering;
FIG. 12B is a diagram showing a positional relation-
ship between the user’s own vehicle, the other ve-
hicle in front of, and the other vehicle behind the us-
er’s own vehicle during the parking exit assist control
after an (N + 1)th turning back of steering;
FIG. 12C is a diagram showing a positional relation-
ship between the user’s own vehicle, the other ve-
hicle in front of, and the other vehicle behind the us-
er’s own vehicle during the parking exit assist control
after an (N + 2)th turning back of steering;
FIG. 13A is a diagram showing a positional relation-
ship between the user’s own vehicle, another vehicle
in front of, and another vehicle behind the user’s own
vehicle during the parking exit assist control after an
Nth turning back of steering;
FIG. 13B is a diagram showing a positional relation-
ship between the user’s own vehicle, the other ve-
hicle in front of, and the other vehicle behind the us-
er’s own vehicle during the parking exit assist control
after an (N + turning back of steering;
FIG. 13C is a diagram showing a positional relation-
ship between the user’s own vehicle, the other ve-
hicle in front of, and the other vehicle behind the us-
er’s own vehicle during the parking exit assist control
after an (N + 2)th turning back of steering;
FIG. 14A is a diagram showing a positional relation-

ship between the user’s own vehicle, another vehicle
in front of, and another vehicle behind the user’s own
vehicle during the parking exit assist control after an
Nth turning back of steering;
FIG. 14B is a diagram showing a positional relation-
ship between the user’s own vehicle, the other ve-
hicle in front of, and the other vehicle behind the us-
er’s own vehicle during the parking exit assist control
after an (N + 1)th turning back of steering;
FIG. 14C is a diagram showing a positional relation-
ship between the user’s own vehicle, the other ve-
hicle in front of, and the other vehicle behind the us-
er’s own vehicle during the parking exit assist control
after an (N + 2)th turning back of steering;
FIG. 15A shows a case in which the driver is gripping
the steering wheel and is pulling out from a parallel
parking space; and
FIG. 15B shows a state in which the driver has re-
leased the steering wheel and is pulling out from a
parallel parking space.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] A preferred embodiment of a parking exit control
device according to the present invention will be de-
scribed in detail below with reference to the accompany-
ing drawings.

[Configuration of Parking Exit Assist Device 12]

<Configuration of User’s Own Vehicle 10>

[0020] FIG. 1 is a block diagram showing a configura-
tion of a user’s own vehicle 10 equipped with a parking
exit assist device 12 according to an embodiment of the
present invention.
[0021] The parking exit assist device 12 is a device
that assists in pulling out of the user’s own vehicle 10
from a parking space in accordance with automatic steer-
ing, by performing an assist control including a parking
exit (PO; Pull Out) assist control. The parking exit assist
device 12 primarily assists in pulling out from a parking
space at a time of parallel parking. In this instance, op-
eration of a steering wheel 70 is carried out automatically
by the parking exit assist device 12. Operations of the
accelerator pedal and the brake pedal (neither of which
is shown) as well as a shift lever 32 are performed by the
driver of the user’s own vehicle 10.
[0022] The parking exit assist device 12 is equipped
with a sensor group 14 that detects various physical
quantities used in the assist control, a navigation device
16, an ECU (Electronic Control Unit, hereinafter referred
to as an assist ECU 18) that administers the assist con-
trol, and an electric power steering system unit (herein-
after referred to as an EPS unit 20).
[0023] As shown in FIG. 1, the sensor group 14 in-
cludes a camera group 22, a sonar group 24, a vehicle
wheel sensor 26, a vehicle speed sensor 28, and a shift
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position sensor 30.
[0024] The camera group 22 is made up from one or
a plurality of cameras capable of capturing images of the
surrounding periphery of the user’s own vehicle 10, and
sequentially outputs captured image signals indicative of
peripheral images of the user’s own vehicle 10. The sonar
group 24 is made up from one or a plurality of sonar
devices capable of emitting sound waves and receiving
reflected sounds from other objects, and sequentially out-
puts detection signals correlated with a distance Dis from
the user’s own vehicle 10.
[0025] The vehicle wheel sensor 26 is an angle sensor
or a displacement sensor that detects angles of rotation
of the left and right front wheels and/or the left and right
rear wheels (none of which are shown), and outputs a
number of detection pulses correlated with a travel dis-
tance of the user’s own vehicle 10. The vehicle speed
sensor 28 is a sensor that detects a speed (i.e., a vehicle
speed) of the user’s own vehicle 10, and is configured to
be capable of detecting the vehicle speed, for example,
from an amount of rotation of a non-illustrated drive shaft
of a transmission.
[0026] The shift position sensor 30 outputs a detection
signal indicative of a shift position selected in accordance
with operation of the shift lever 32 (also referred to as a
selector). The shift lever 32, for example, is a device that
enables selection of any one type from among six types
of shift positions, including "P" (parking range), "R" (re-
verse range), "N" (neutral range), "D" (drive range), "2"
(second range), or "L" (low range).
[0027] The navigation device 16 detects the current
position of the user’s own vehicle 10 using a GPS (Global
Positioning System), and provides guidance to a vehicle
occupant including the driver along a route to a destina-
tion point. The navigation device 16 includes a touch pan-
el display 40, a speaker 42, and a storage device (not
shown) in which a map information database is construct-
ed. The navigation device 16 functions as an HMI (Hu-
man-Machine Interface) in the parking exit assist device
12.
[0028] The assist ECU 18 includes as hardware com-
ponents thereof an input/output unit 50, a computation
unit 52, and a storage unit 54. The computation unit 52,
for example, is a processor such as a CPU or the like,
and by reading out and executing programs stored in the
storage unit 54, functions as an exit-from-parking trajec-
tory setting unit 56 (target steering angle setting unit), an
assist continuation determining unit 58, an assist control
unit 60, and an output control unit 62.
[0029] The EPS unit 20 is configured to include the
steering wheel 70, a steering column 71, a steering angle
sensor 72, a torque sensor 73, an EPS motor 74, a re-
solver 75, and an EPS-ECU 76.
[0030] The steering angle sensor 72 detects the steer-
ing angle of the steering wheel 70. The torque sensor 73
detects a torque applied to the steering wheel 70. The
EPS motor 74 applies a driving force or a reaction force
to the steering column 71 which is connected to the steer-

ing wheel 70. The resolver 75 detects an angle of rotation
of the EPS motor 74.
[0031] The EPS-ECU 76 is a device adapted to control
the EPS unit 20 in its entirety, and similar to the assist
ECU 18, includes as hardware components thereof an
input/output unit, a computation unit, and a storage unit
(none of which are shown).

<Detailed Configuration of Camera Group 22 and Sonar 
Group 24>

[0032] FIG. 2 is a schematic plan view showing an ex-
emplary arrangement of the camera group 22 and the
sonar group 24 on the user’s own vehicle 10 of FIG. 1.
For example, the camera group 22 is made up from four
cameras including a front camera 81 at the front of a
vehicle body 80, a rear camera 82 at the rear of the ve-
hicle body 80, a right side camera 83 on a lower outer
side of the driver’s seat side door mirror, and a left side
camera 84 on a lower outer side of the passenger seat
side door mirror.
[0033] The sonar group 24 is constituted by four front
sonar devices at the front of the vehicle body 80, including
a front (corner left) sonar device 91, a front (center left)
sonar device 92, a front (center right) sonar device 93,
and a front (corner right) sonar device 94, together with
four rear sonar devices at the rear of the vehicle body
80, including a rear (corner left) sonar device 95, a rear
(center left) sonar device 96, a rear (center right) sonar
device 97, and a rear (corner right) sonar device 98.
[0034] The front (center left) sonar device 92 and the
front (center right) sonar device 93 are provided at sub-
stantially symmetrical positions with respect to a center
line passing through the center of the vehicle body 80,
and extending in the vehicle longitudinal direction when
the vehicle body 80 is viewed from above. The front (cent-
er) sonar devices 92, 93 are capable of emitting sound
waves toward the front of the vehicle body 80, and are
arranged to be capable of receiving sound waves from
a region in front of the vehicle body 80. The front (corner
left) sonar device 91 and the front (corner right) sonar
device 94 are provided at substantially symmetrical po-
sitions with respect to the center line passing through the
center of the vehicle body 80, and extending in the vehicle
longitudinal direction when the vehicle body 80 is viewed
from above. The front (corner left) sonar device 91 is
arranged more on the leftward outer side than the front
(center left) sonar device 92 when the vehicle body 80
is viewed from above. The front (corner left) sonar device
91 is capable of emitting sound waves toward the left
frontward direction of the vehicle body 80, and is ar-
ranged to be capable of receiving sound waves from a
left front region in front of the vehicle body 80. The front
(corner right) sonar device 94 is arranged more on the
rightward outer side than the front (center right) sonar
device 93 when the vehicle body 80 is viewed from above.
The front (corner right) sonar device 94 is capable of
emitting sound waves toward the right frontward direction
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of the vehicle body 80, and is arranged to be capable of
receiving sound waves from a right front region in front
of the vehicle body 80.
[0035] The rear (center left) sonar device 96 and the
rear (center right) sonar device 97 are provided at sub-
stantially symmetrical positions with respect to a center
line passing through the center of the vehicle body 80,
and extending in the vehicle longitudinal direction when
the vehicle body 80 is viewed from above. The rear (cent-
er) sonar devices 96, 97 are capable of emitting sound
waves toward the rear of the vehicle body 80, and are
arranged to be capable of receiving sound waves from
a region at the rear of the vehicle body 80. The rear (cor-
ner left) sonar device 95 and the rear (corner right) sonar
device 98 are provided at substantially symmetrical po-
sitions with respect to a center line in the vehicle longi-
tudinal direction passing through the center of the vehicle
body 80 when the vehicle body 80 is viewed from above.
The rear (corner left) sonar device 95 is arranged more
on the leftward outer side than the rear (center left) sonar
device 96 when the vehicle body 80 is viewed from above.
The rear (corner left) sonar device 95 is capable of emit-
ting sound waves toward the left rearward direction of
the vehicle body 80, and is arranged to be capable of
receiving sound waves from a left rear region at the rear
of the vehicle body 80. The rear (corner right) sonar de-
vice 98 is arranged more on the rightward outer side than
the rear (center right) sonar device 97 when the vehicle
body 80 is viewed from above. The rear (corner right)
sonar device 98 is capable of emitting sound waves to-
ward the right rearward direction of the vehicle body 80,
and is arranged to be capable of receiving sound waves
from a right rear region at the rear of the vehicle body 80.
[0036] Hereinafter, in the event that no distinction ther-
ebetween is required, the front (corner left) sonar device
91, the front (center left) sonar device 92, the front (center
right) sonar device 93, and the front (corner right) sonar
device 94 will be referred to collectively as front sonar
devices 91 to 94. Further, in the event that no distinction
therebetween is required, the rear (corner left) sonar de-
vice 95, the rear (center left) sonar device 96, the rear
(center right) sonar device 97, and the rear (corner right)
sonar device 98 will be referred to collectively as rear
sonar devices 95 to 98. The front sonar devices 91 to 94
correspond to the forward detection region of the present
invention, and the rear sonar devices 95 to 98 correspond
to the rearward detection region of the present invention.
[0037] Further, in the event that no distinction there-
between is required, the front (corner left) sonar device
91 and the front (corner right) sonar device 94 will be
referred to collectively as front (corner) sonar devices 91,
94, and in the event that no distinction therebetween is
required, the front (center left) sonar device 92 and the
front (center right) sonar device 93 will be referred to
collectively as front (center) sonar devices 92, 93. In the
event that no distinction therebetween is required, the
rear (corner left) sonar device 95 and the rear (corner
right) sonar device 98 will be referred to collectively as

rear (corner) sonar devices 95, 98, and in the event that
no distinction therebetween is required, the rear (center
left) sonar device 96 and the rear (center right) sonar
device 97 will be referred to collectively as rear (center)
sonar devices 96, 97.
[0038] FIG. 3 is a schematic diagram showing the dis-
tance region with respect to the front (center) sonar de-
vices 92, 93. In this instance, although an example is
described with respect to the front (center) sonar devices
92, 93, the same features apply to the other sonar devices
91 and 94 to 98.
[0039] Depending on a distance Dis from the front
(center) sonar devices 92, 93, the assist ECU 18 (com-
putation unit 52) carries out a detection process by clas-
sifying the distance Dis into three distance regions. A
distance region satisfying the inequality 0 < Dis ≤ D2 is
defined as a "detection capable region". A distance re-
gion satisfying the inequality Dis > D2 is defined as a
"detection incapable region". The "detection capable re-
gion" is further classified into two distance regions. More
specifically, a distance region satisfying the inequality 0
< Dis ≤ D1 (< D2) is defined as a "near region". A distance
region satisfying the inequality D1 < Dis ≤ D2 is defined
as a "far region".
[0040] If the front (center) sonar devices 92, 93 detect
another object in the "near region", the assist ECU 18
(computation unit 52) determines the detection result as
being "near". If the front (center) sonar devices 92, 93
detect another object in the "far region", the assist ECU
18 (computation unit 52) determines the detection result
as being "far". If the front (center) sonar devices 92, 93
detect another object in the "detection incapable region"
(or in the case that another object could not be detected),
the assist ECU 18 (computation unit 52) determines the
detection result as being "undetected".

[Operations of Parking Exit Assist Device 12]

<Outline of Parking Exit Assist Control>

[0041] The parking exit assist device 12 according to
the present embodiment is constituted as described
above. Responsive to a driver’s input operation via the
navigation device 16 (see FIG. 1), the parking exit assist
device 12 transitions into a "parking exit assist control
mode", as will be described later with reference to FIG.
5, and initiates the parking exit assist control with respect
to the user’s own vehicle 10. During execution of the park-
ing exit assist control, the navigation device 16 performs
a guidance output (hereinafter, referred to simply as guid-
ance) in relation to the parking exit assistance. More spe-
cifically, in accordance with the output control by the out-
put control unit 62, visual information (a screen) in relation
to the parking exit assistance is output to the touch panel
display 40, and together therewith, audio information in
relation to the parking exit assistance is output to the
speaker 42.
[0042] FIG. 4 is a schematic diagram showing a series
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of operations of the user’s own vehicle 10 in accordance
with the parking exit assist control. In this instance, it is
assumed that another front vehicle 101 (front obstacle),
the user’s own vehicle 10, and another rear vehicle 102
(rear obstacle) are parked in a row in a parallel parking
space 100. The user’s own vehicle 10 is intending to pull
out from the parking space in a rightward direction in FIG.
4.
[0043] In "OPERATION 1", the assist ECU 18 supplies
an output signal to the navigation device 16 in order to
carry out a rearward operation (departure command) of
the user’s own vehicle 10. In accordance with guidance
provided by the navigation device 16, the driver operates
the shift lever 32 to change the shift position from "P" to
"R" and thereafter releases the brake pedal. The assist
ECU 18 implements automatic steering so that a current
steering angle (steering angle) θ of the steering wheel
70 becomes a neutral steering angle (= 0 degrees). Con-
sequently, the user’s own vehicle 10 moves straight
backward under the action of a creep force. When the
detection result of the rear sonar devices 95 to 98 be-
comes "near", the assist ECU 18 supplies an output sig-
nal to the navigation device 16 in order to carry out a stop
operation (stop command) of the user’s own vehicle 10.
In accordance with guidance provided by the navigation
device 16, the driver performs an operation to depress
the brake pedal.
[0044] In "OPERATION 2", the assist ECU 18 supplies
an output signal to the navigation device 16 in order to
carry out a forward operation (departure command) of
the user’s own vehicle 10. In accordance with guidance
provided by the navigation device 16, the driver operates
the shift lever 32 to change the shift position from "R" to
"D" and thereafter releases the brake pedal. The assist
ECU 18 automatically performs steering in such a man-
ner that the current steering angle θ of the steering wheel
70 becomes a target steering angle θtar (clockwise). As
a result, the user’s own vehicle 10 moves forward while
turning to the right. When the detection result of one or
more of the front sonar devices 91 to 94 becomes "near",
the assist ECU 18 supplies an output signal to the navi-
gation device 16 in order to carry out a stop operation
(stop command) of the user’s own vehicle 10. In accord-
ance with guidance provided by the Navigation device
16, the driver performs an operation to depress the brake
pedal.
[0045] In "OPERATION 3", the assist ECU 18 supplies
an output signal to the navigation device 16 in order to
carry out a rearward operation (departure command) of
the user’s own vehicle 10. In accordance with guidance
provided by the navigation device 16, the driver operates
the shift lever 32 to change the shift position from "D" to
"R" and thereafter releases the brake pedal. The assist
ECU 18 automatically performs steering in such a man-
ner that the current steering angle θ of the steering wheel
70 becomes the target steering angle θtar (counterclock-
wise). As a result, the user’s own vehicle 10 moves back-
ward while turning to the left. When the detection result

of the rear sonar devices 95 to 98 becomes "near", the
assist ECU 18 supplies an output signal to the navigation
device 16 in order to carry out a stop operation (stop
command) of the user’s own vehicle 10. In accordance
with guidance provided by the navigation device 16, the
driver performs an operation to depress the brake pedal.
[0046] In "OPERATION 4", the assist ECU 18 supplies
an output signal to the navigation device 16 in order to
carry out a forward operation (departure command) of
the user’s own vehicle 10. In accordance with guidance
provided by the navigation device 16, the driver operates
the shift lever 32 to change the shift position from "R" to
"D" and thereafter releases the brake pedal. The assist
ECU 18 automatically performs steering in such a man-
ner that the current steering angle θ of the steering wheel
70 becomes the target steering angle θtar (clockwise).
As a result, the user’s own vehicle 10 moves forward
while turning to the right. When the detection result of
the front (center) sonar devices 92, 93 is "undetected"
and the detection result of the front (corner) sonar devices
91, 94 is not "near" ("far" or "undetected"), the assist ECU
18 determines that pulling out from the parking space is
possible.
[0047] In "OPERATION 5", the assist ECU 18 supplies
an output signal to the navigation device 16 in order to
issue a notification that the parking exit assistance has
ended. The driver receives the notification issued by the
navigation device 16, and grasps that the responsibility
for driving has been handed over to the driver himself/her-
self. The driver departs from the parallel parking space
100 by pressing the accelerator pedal. Consequently,
the parking space exiting operation of the user’s own
vehicle 10 is completed.

<State Transition Diagram>

[0048] FIG. 5 is a state transition diagram of the "park-
ing exit assist control mode". The "parking exit assist con-
trol mode" is made up from four modes, including a "for-
ward traveling mode", a "rearward traveling mode", a
"neutral steering angle control mode", and an "end of
assistance notification mode".
[0049] Accompanying the occurrence of the "parking
exit assist control mode", a transition is made to one of
the "forward traveling mode" and the "rearward traveling
mode". Normally, when the "parking exit control mode"
takes place, the assist ECU 18 supplies an output signal
to the navigation device 16 so as to provide guidance to
change the shift position to "R". When the driver operates
the shift lever 32 and the shift position becomes "R", a
transition is made to the "rearward traveling mode". How-
ever, when the detection result of one or more of the rear
sonar devices 95 to 98 becomes "near", the assist ECU
18 supplies an output signal to the navigation device 16
in order to provide guidance to change the shift position
to "D". When the driver operates the shift lever 32 and
the shift position becomes "D", a transition is made to the
"forward traveling mode".

11 12 



EP 3 290 303 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0050] In the case that the shift position is changed
from "D" to "R" in the "forward traveling mode", a transi-
tion is made from the "forward traveling mode" to the
"rearward traveling mode".
[0051] In the case that the shift position is changed
from "R" to "D" in the "rearward traveling mode", a tran-
sition is made from the "rearward traveling mode" to the
"forward traveling mode".
[0052] If a completion determination (determination
that "exiting from parking is possible") is satisfied in the
"forward traveling mode", a transition is made to a "neu-
tral steering angle control mode". The "exiting from park-
ing is possible" determination is satisfied in the event that
the detection result of the front (center) sonar devices
92, 93 is "undetected" and the detection result of the front
(corner) sonar devices 91, 94 is not "near" ("far" or "un-
detected").
[0053] If a completion determination of the steering an-
gle neutralization control is satisfied in the "neutral steer-
ing angle control mode", a transition is made to an "end
of assistance notification mode". The completion deter-
mination of steering angle neutralization control is satis-
fied when the steering angle of the steering wheel 70
becomes a neutral position (a position in which the turn-
ing angle of the front wheels becomes neutral).
[0054] If a completion determination of the parking exit
assist control is satisfied in the "end of assistance notifi-
cation mode", the event of the "parking exit assist control
mode" is terminated. The completion determination of
the parking exit assist control is satisfied when the driver
indicates an intention of having comprehended that the
parking exit assist control is completed, for example, by
touching a button on the touch panel display 40.

<Control Flow>

[0055] FIG. 6 is a flowchart showing the flow of proc-
esses in the "parking exit assist control mode" of the as-
sist ECU 18.
[0056] In step S1, the assist ECU 18 confirms the di-
rection of pulling out from parking. When the parking exit
assist control is initiated, the output control unit 62 dis-
plays a button on the touch panel display 40 for selecting
whether the direction of pulling out is either one of a right
or a left direction. The driver selects the pulling out direc-
tion by touching the button of the touch panel display 40.
[0057] In step S2, the assist ECU 18 selects the "rear-
ward traveling mode" or the "forward traveling mode" as
the mode that is transitioned to first. In the driving exit
assist control, although the control is basically started
from the "rearward traveling mode", if an obstacle is lo-
cated in close proximity behind the user’s own vehicle
10, an exception is made, and the control is started from
the "forward traveling mode". More specifically, if an ob-
stacle is not present in close proximity behind the user’s
own vehicle 10, and the detection results of all of the rear
sonar devices 95 to 98 are not "near", the "rearward
traveling mode" is selected. On the other hand, if an ob-

stacle is present in close proximity behind the user’s own
vehicle 10, and the detection result of one or more of the
rear sonar devices 95 to 98 is "near", the "forward
traveling mode" is selected.
[0058] Moreover, in step S2, in the case that the "rear-
ward traveling mode" is selected as the mode to be tran-
sitioned to first, then in the process of the "rearward
traveling mode" that was transitioned to initially, the assist
ECU 18 performs a control so that the steering angle of
the steering wheel 70 becomes a neutral steering angle.
On the other hand, in step S2, if the "forward traveling
mode" is selected as the mode to be transitioned to first,
then in the process of the "forward traveling mode" that
was transitioned to initially, the assist ECU 18 performs
a control so that the steering angle of the steering wheel
70 becomes oriented in the pulling out direction of the
user’s own vehicle 10. Thereafter, in the processes of
the "forward traveling mode" and the "rearward traveling
mode", the assist ECU 18 controls the steering angles
of the steering wheel 70 so that the user’s own vehicle
10 is turned in the pulling out direction.
[0059] Moreover, the process of the "rearward
traveling mode" that was transitioned to initially is indic-
ative of a process of the "rearward traveling mode" which
is carried out immediately after the start of the parking
exit assist control, and in which neither the "rearward
traveling mode" nor the "forward traveling mode" is car-
ried out prior to the process of the "rearward traveling
mode" that was transitioned to initially. Similarly, the proc-
ess of the "forward traveling mode" that was transitioned
to initially is indicative of a process of the "forward
traveling mode" which is carried out immediately after
the start of the parking exit assist control, and in which
neither the "forward traveling mode" nor the "rearward
traveling mode" is carried out prior to the process of the
"forward traveling mode" that was transitioned to initially.
[0060] In step S3, the assist ECU 18 determines
whether or not the selected mode is the "forward traveling
mode" or the "rearward traveling mode". If the mode to
be transitioned to is the "forward traveling mode", then
in the assist ECU 18, the process proceeds to step S5.
If the mode to be transitioned to is the "rearward traveling
mode", then in the assist ECU 18, the process proceeds
to step S4.
[0061] In step S4, the assist control unit 60 carries out
the process of the rearward traveling mode. The process
of the rearward traveling mode will be described later
with reference to FIG. 10.
[0062] In step S5, the assist control unit 60 carries out
the process of the forward traveling mode. The process
of the forward traveling mode will be described later with
reference to FIGS. 7 and 8.
[0063] In step S6, the assist control unit 60 carries out
the process of the neutral steering angle control mode.
The assist control unit 60 supplies a control signal to in-
struct the EPS-ECU 76 to change the current steering
angle θ of the steering wheel 70 to a neutral position (a
position in which the turning angle of the front wheels is
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neutral).
[0064] In step S7, the output control unit 62 carries out
the process of the end of assistance notification mode.
The output control unit 62 supplies an output signal to
the navigation device 16 which indicates that the parking
exit assist control has ended. Further, the output control
unit 62 supplies an output signal to the navigation device
16 to display a button on the touch panel display 40 in
order for the driver to indicate that he or she has com-
prehended that the parking exit assist control is complet-
ed. When the driver touches this button, the "parking exit
assist control mode" is terminated.
[0065] FIGS. 7 and 8 are flowcharts showing the flow
of processes in the forward traveling mode of the assist
ECU 18.
[0066] In step S10, the assist ECU 18 determines from
a detection signal of the shift position sensor 30 that the
shift position of the shift lever 32 is "D" and initiates the
"forward traveling mode".
[0067] In step S11, the exit-from-parking trajectory set-
ting unit 56 acquires various information indicative of a
positional relationship with obstacles in the vicinity of the
user’s own vehicle 10. More specifically, the front sonar
devices 91 to 94 detect a frontward distance Df between
the user’s own vehicle 10 and the other front vehicle 101
in front of the user’s own vehicle 10. Further, in addition
to the frontward distance Df, the exit-from-parking trajec-
tory setting unit 56 obtains the current position Pc (inter-
mediate position Pm) of the user’s own vehicle 10. The
frontward distance Df is indicative of the distance be-
tween the user’s own vehicle 10 and the other front ve-
hicle 101 in front of the user’s own vehicle 10. The inter-
mediate position Pm is a position at which the user’s own
vehicle 10 stops and turning back of steering is carried
out. At the intermediate position Pm, the traveling direc-
tion of the user’s own vehicle 10 is switched from forward
traveling to rearward traveling, or is switched from rear-
ward traveling to forward traveling. Moreover, the phrase
"turning back steering" implies that the steering direction
of the user’s own vehicle 10 changes from right to left or
from left to right while crossing over the neutral position.
[0068] In step S12, the exit-from-parking trajectory set-
ting unit 56 determines whether or not it was judged in
the previous "forward traveling mode" that "there is a pos-
sibility to exit from parking the next time". If it is deter-
mined in the previous "forward traveling mode" that "there
is a possibility to exit from parking the next time", then in
the assist ECU 18, the process proceeds to step S14. If
it is not determined in the previous "forward traveling
mode" that "there is a possibility to exit from parking the
next time", then in the assist ECU 18, the process pro-
ceeds to step S13.
[0069] In step S13, the exit-from-parking trajectory set-
ting unit 56 sets the size of the target steering angle θtar
to a first steering angle θ1, and sets the direction of the
target steering angle θtar to the pulling out direction that
was selected upon initiation of the parking exit assist con-
trol. It should be noted that, even if the current "forward

traveling mode" process is the "forward traveling mode"
process that was selected as the mode to be transitioned
to initially in step S2, the exit-from-parking trajectory set-
ting unit 56 still sets the size of the target steering angle
θtar to the first steering angle θ1, and sets the direction
of the target steering angle θtar to the pulling out direction
that was selected upon initiation of the parking exit assist
control.
[0070] The first steering angle θ1 is set to a controlled
maximum steering angle θmax. The controlled maximum
steering angle θmax is set to a value, in view of the struc-
ture of the steering mechanism, which is slightly smaller
than a limit steering angle θlim of the steering wheel 70
(for example, equivalent to 95% of the limit steering angle
θlim) when the front wheels are turned maximally. By
setting the target steering angle θtar to the controlled
maximum steering angle θmax, it is possible to suppress
sounds occurring due to operation of the steering mech-
anism, which are likely to occur when the steering angle
of the steering wheel 70 is in the vicinity of the limit steer-
ing angle θlim. Further, it is possible to leave a margin
with respect to overshooting in the automatic steering
control of the steering wheel 70 by the EPS unit 20.
[0071] In step S14, the exit-from-parking trajectory set-
ting unit 56 sets the size of the target steering angle θtar
to a second steering angle θ2, and sets the direction of
the target steering angle θtar to the pulling out direction
that was selected upon initiation of the parking exit assist
control. The second steering angle θ2 is set correspond-
ing to a distance (a reverse distance) over which the us-
er’s own vehicle 10 traveled in reverse in the previous
"rearward traveling mode" (a period from having switched
from the "forward traveling mode" to the "rearward
traveling mode" and until switching back to the "forward
traveling mode"). FIG. 9 is a map of the second steering
angle θ2. As shown in FIG. 9, the second steering angle
θ2 is set to a smaller angle as the reverse distance be-
comes longer. In the map of FIG. 9, the second steering
angle θ2 is shown with respect to representative values
of the reverse distance. In the case that the reverse dis-
tance lies outside of such representative values and is
located in the middle of two adjacent representative val-
ues, the second steering angle θ2 is determined by linear
interpolation. Further, the second steering angle θ2 may
be obtained without using the map, in accordance with
a function in which the reverse distance exists as a var-
iable thereof.
[0072] In step S15, the assist control unit 60 changes
the current steering angle θ of the user’s own vehicle 10
to the target steering angle θtar that was set in step S13
or step S14. More specifically, the assist control unit 60
supplies a control signal to the EPS-ECU 76 in order to
instruct that a change be made to the target steering an-
gle θtar. Consequently, automatic steering is performed
in a state in which the user’s own vehicle 10 is stopped
at the intermediate position Pm. At this time, in the case
that right is selected as the pulling out direction in step
S1, steering is performed in a clockwise direction, and in
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the case that left is selected as the pulling out direction,
steering is performed in a counterclockwise direction.
[0073] In step S16 (see FIG. 8), the output control unit
62 supplies an output signal to the navigation device 16
indicating that the user’s own vehicle 10 should be moved
in the forward direction. When the driver performs an
operation to release the brake pedal in accordance with
guidance provided by the navigation device 16, the user’s
own vehicle 10 moves in the forward direction along the
exiting-from-parking trajectory T under the action of a
creep force.
[0074] In step S17, the assist continuation determining
unit 58 performs a position determination by the front
sonar devices 91 to 94. More specifically, it is determined
whether or not the detection result of at least one of the
front sonar devices 91 to 94 is "near". If the detection
result of at least one of the front sonar devices 91 to 94
is "near", then in the assist ECU 18, the process proceeds
to step S20. If the detection results of all of the front sonar
devices 91 to 94 are not "near", then in the assist ECU
18, the process proceeds to step S18.
[0075] In step S18, it is determined whether or not the
detection results of all of the front sonar devices 91 to 94
are "undetected". If the detection results of all of the front
sonar devices 91 to 94 are "undetected", then in the assist
ECU 18, the process proceeds to step S19. If the detec-
tion result of any one of the front sonar devices 91 to 94
is "far", then in the assist ECU 18, the process returns to
step S16.
[0076] In step S19, the assist continuation determining
unit 58 determines that the user’s own vehicle 10 is ca-
pable of exiting from parking ("exit from parking is pos-
sible") in a state in which the steering of the user’s own
vehicle 10 is in a neutral state.
[0077] In step S20, the assist continuation determining
unit 58 determines whether the detection result of only
the front (corner left) sonar device 91 or the front (corner
right) sonar device 94 is "near". If the detection result of
only the front (corner left) sonar device 91 or the front
(corner right) sonar device 94 is "near", then in the assist
ECU 18, the process proceeds to step S21. If the detec-
tion result of the front (center left) sonar device 92 or the
front (center right) sonar device 93 is also "near", then in
the assist ECU 18, the process proceeds to step S22.
[0078] For example, in the case that the pulling out
direction is to the right, it is assumed that only the detec-
tion result of the front (corner left) sonar device 91, which
is attached to the left front side of the vehicle body 80, is
"near". If the detection result of only the front (corner left)
sonar device 91 is "near", then it is determined that the
angle of the detected direction of the obstacle with re-
spect to the vehicle longitudinal direction of the user’s
own vehicle 10 is greater than or equal to a predeter-
mined angle. Stated otherwise, an obstacle is present
only in the vicinity of the left front side of the user’s own
vehicle 10, and it can be determined that no obstacle is
present in the vicinity of the front surface and in the vicinity
of the right front side of the user’s own vehicle 10. There-

after, if turning back of steering is carried out in the "rear-
ward traveling mode", and the vehicle longitudinal direc-
tion of the user’s own vehicle 10 is turned further to the
right, then it can be estimated that in the next "forward
traveling mode", the obstacle on the front left side of the
user’s own vehicle 10 can be avoided, and that exiting
from parking is possible.
[0079] In step S21, the assist continuation determining
unit 58 determines that, in the next "forward traveling
mode", there is a possibility for the user’s own vehicle 10
to be capable of pulling out from the parking space with-
out performing turning back of steering ("there is a pos-
sibility to exit from parking the next time").
[0080] In step S22, the output control unit 62 supplies
an output signal to the navigation device 16 indicating
that the user’s own vehicle 10 should be stopped. When
the driver performs an operation to depress the brake
pedal in accordance with guidance provided by the nav-
igation device 16, the user’s own vehicle 10 is stopped.
[0081] In step S23, the assist ECU 18 determines
whether or not the user’s own vehicle 10 is stopped. If
the user’s own vehicle 10 is stopped, then in the assist
ECU 18, the process proceeds to step S24. If the user’s
own vehicle 10 is not stopped, then in the assist ECU 18,
the process returns to step S22.
[0082] In step S24, the output control unit 62 supplies
an output signal to the navigation device 16 indicating
that the shift position should be changed from "D" to "R".
[0083] In step S25, the assist ECU 18 determines
whether or not the shift position is "R". If the shift position
is determined to be "R", then in the assist ECU 18, the
process proceeds to step S4 (see FIG. 6). If the shift
position is not determined to be "R", then in the assist
ECU 18, the process returns to step S24.
[0084] FIG. 10 is a flowchart showing the flow of proc-
esses in the "rearward traveling mode" of the assist ECU
18.
[0085] In step S30, the assist ECU 18 determines from
a detection signal of the shift position sensor 30 that the
shift position of the shift lever 32 is "R" and initiates the
"rearward traveling mode".
[0086] In step S31, the exit-from-parking trajectory set-
ting unit 56 acquires various information indicative of a
positional relationship with obstacles in the vicinity of the
user’s own vehicle 10. More specifically, the rear sonar
devices 95 to 98 respectively detect a backward distance
Db between the user’s own vehicle 10 and the other rear
vehicle 102 in back of the user’s own vehicle 10. Further,
in addition to the backward distance Db, the exit-from-
parking trajectory setting unit 56 obtains the current po-
sition Pc (intermediate position Pm) of the user’s own
vehicle 10. The backward distance Db is indicative of the
distance between the user’s own vehicle 10 and the other
rear vehicle 102 behind the user’s own vehicle 10.
[0087] In step S32, the exit-from-parking trajectory set-
ting unit 56 sets the target steering angle θtar. In the case
that the process of the "rearward traveling mode" this
time is the "rearward traveling mode" process that was
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selected as the mode to be transitioned to initially in step
S2, the target steering angle θtar is set to the neutral
steering angle. In the case that the current "rearward
traveling mode" is not the "rearward traveling mode"
process that was selected as the mode to be transitioned
to initially in step S2, a size of a target steering angle θtar
is set to a first steering angle θ1 and the direction of the
target steering angle θtar is set to the pulling out direction
that was selected upon initiation of the parking exit assist
control.
[0088] Basically, although the size of the target steer-
ing angle θtar is set to the first steering angle θ1 in step
S32, the size of the target steering angle θtar may also
be set to a steering angle which is smaller than the first
steering angle θ1. For example, it is assumed that an
obstacle such as a curbstone or the like may exist on a
side opposite to the pulling out direction of the user’s own
vehicle 10. In the case that the user’s own vehicle 10
travels in reverse, and if the steering angle of the steering
wheel 70 is large, there is a high possibility that the user’s
own vehicle 10 would come into contact with such an
obstacle. If an obstacle such as a curbstone or the like
on the side opposite to the pulling out direction of the
user’s own vehicle 10 is detected by the rear sonar de-
vices 95 to 98, the current steering angle θ of the user’s
own vehicle 10 is automatically steered to a steering an-
gle which is smaller than the first steering angle θ1,
whereby contact between the user’s own vehicle 10 and
the obstacle can be prevented.
[0089] Alternatively, the size of the target steering an-
gle θtar may be set to the second steering angle 02, in
the same manner as in step S14 of the "forward traveling
mode". In this case, the second steering angle θ2 may
be set corresponding to a distance (a frontward distance)
over which the user’s own vehicle 10 traveled forwardly
in the previous "forward traveling mode" (a period from
having switched from the "rearward traveling mode" to
the "forward traveling mode" and until switching back to
the "rearward traveling mode").
[0090] In step S33, the assist control unit 60 changes
the current steering angle θ of the user’s own vehicle 10
to the target steering angle θtar that was set in step S32.
More specifically, the assist control unit 60 supplies a
control signal to the EPS-ECU 76 in order to instruct that
a change be made to the target steering angle θtar. Con-
sequently, automatic steering is performed in a state in
which the user’s own vehicle 10 is stopped at the inter-
mediate position Pm. At this time, in the case that right
is selected as the pulling out direction in step S1, steering
is performed in a counterclockwise direction, and in the
case that left is selected as the pulling out direction, steer-
ing is performed in a clockwise direction.
[0091] In step S34, the output control unit 62 supplies
an output signal to the navigation device 16 indicating
that the user’s own vehicle 10 should be moved in the
rearward direction. When the driver performs an opera-
tion to release the brake pedal in accordance with guid-
ance provided by the navigation device 16, the user’s

own vehicle 10 moves in the rearward direction along the
exiting-from-parking trajectory T under the action of a
creep force.
[0092] In step S35, the assist continuation determining
unit 58 performs a position determination by the rear so-
nar devices 95 to 98. If the detection result of at least one
of the rear sonar devices 95 to 98 is "near", then in the
assist ECU 18, the process proceeds to step S36. If the
detection results of all of the rear sonar devices 95 to 98
are not "near", then in the assist ECU 18, the process
returns to step S34.
[0093] In step S36, the output control unit 62 supplies
an output signal to the navigation device 16 indicating
that the user’s own vehicle 10 should be stopped. When
the driver performs an operation to depress the brake
pedal in accordance with guidance provided by the nav-
igation device 16, the user’s own vehicle 10 is stopped.
[0094] In step S37, the assist ECU 18 determines
whether or not the user’s own vehicle 10 is stopped. If
the user’s own vehicle 10 is stopped, then in the assist
ECU 18, the process proceeds to step S38. If the user’s
own vehicle 10 is not stopped, then in the assist ECU 18,
the process returns to step S36.
[0095] In step S38, the output control unit 62 supplies
an output signal to the navigation device 16 indicating
that the shift position should be changed from "R" to "D".
[0096] In step S39, the assist ECU 18 determines
whether or not the shift position is "D". If the shift position
is determined to be "D", then the assist ECU 18 brings
the rearward traveling mode process to an end. If the
shift position is not determined to be "D", then in the assist
ECU 18, the process returns to step S38.

<Setting of Exit-From-Parking Trajectory T>

[0097] FIG. 11 is a diagram for explaining setting of
the exit-from-parking trajectory T in the forward traveling
mode. FIG. 11 shows a state in which the user’s own
vehicle 10 is intending to pull out from a parallel parking
space 100 in which the other front vehicle 101 is parked
in front of the user’s own vehicle 10, and the other rear
vehicle 102 is parked behind the user’s own vehicle 10.
Below, a description will be given concerning setting of
the exit-from-parking trajectory T in the forward traveling
mode.
[0098] The exit-from-parking trajectory setting unit 56
sets an exit-from-parking coordinate system 110 in which
the position of the user’s own vehicle 10 at the start of
the parking exit assist control is set as the origin O. The
exit-from-parking coordinate system 110 is a planar co-
ordinate system set on a plane parallel to the road sur-
face. The X-axis of the exit-from-parking coordinate sys-
tem 110 is an axis lying parallel to the vehicle transverse
direction of the user’s own vehicle 10, and a rightward
direction toward the front of the user’s own vehicle 10 is
defined as a positive direction. The Y-axis of the exit-
from-parking coordinate system 110 is an axis lying par-
allel to the vehicle longitudinal direction of the user’s own
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vehicle 10, and the forward direction of the user’s own
vehicle 10 is defined as a positive direction.
[0099] The position of the user’s own vehicle 10 is set
on a straight line connecting the axles of the left and right
rear wheels and the center point of the left and right rear
wheels. The position of the user’s own vehicle 10 at the
start of the parking exit assist control is set as an assist
starting position Ps. The assist starting position Ps coin-
cides with the origin O of the exit-from-parking coordinate
system 110. The current position of the user’s own vehi-
cle 10 is defined as a current position Pc. The position
of the user’s own vehicle 10 at a time, during implemen-
tation of the parking exit assist control, when the user’s
own vehicle 10 is stopped and switching has taken place
from the rearward traveling mode to the forward traveling
mode is set as the intermediate position Pm. The inter-
mediate position Pm is updated each time that switching
takes place between the forward traveling mode and the
rearward traveling mode.
[0100] During the parking exit assist control and by way
of the front sonar devices 91 to 94, the assist ECU 18
constantly detects the distance (hereinafter referred to
as a frontward distance Df) between the user’s own ve-
hicle 10 and the other front vehicle 101. The frontward
distance Df is indicative of a distance in the Y-axis direc-
tion between a Y-axis positive direction side end portion
of the user’s own vehicle 10 and a Y-axis negative direc-
tion side end portion of the other front vehicle 101. During
the parking exit assist control and by way of the rear
sonar devices 95 to 98, the assist ECU 18 constantly
detects the distance (hereinafter referred to as a back-
ward distance Db) between the user’s own vehicle 10
and the other rear vehicle 102. The backward distance
Db is indicative of a distance in the Y-axis direction be-
tween a Y-axis negative direction side end portion of the
user’s own vehicle 10 and a Y-axis positive direction side
end portion of the other rear vehicle 102.
[0101] Upon switching from the rearward traveling
mode to the forward traveling mode, the exit-from-park-
ing trajectory setting unit 56 sets the exit-from-parking
trajectory T starting from the intermediate position Pm.
When the user’s own vehicle 10 is at the intermediate
position Pm, the exit-from-parking trajectory setting unit
56 sets as the exit-from-parking trajectory T a trajectory
through which the user’s own vehicle 10 is capable of
passing, in a state in which the steering angle of the steer-
ing wheel 70 is set to the target steering angle θtar. More-
over, in the case that the exit-from-parking trajectory T
is set for the first time after initiation of the parking exit
assist control, the exit-from-parking trajectory setting unit
56 sets the exit-from-parking trajectory T starting from
the assist starting position Ps.
[0102] The current position Pc of the user’s own vehicle
10 may be detected by GPS, or may be obtained using
the steering angle of the steering wheel 70 and the travel
distance from the intermediate position Pm (or the assist
starting position Ps).
[0103] Although setting of the exit-from-parking trajec-

tory T in the forward traveling mode has been described
above, setting of the exit-from-parking trajectory T in the
rearward traveling mode is handled in the same manner.

[Operations and Effects of the Parking Exit Assist Device 
12]

[0104] In the case that turning back of steering is car-
ried out when the user’s own vehicle 10 pulls out from a
parallel parking space 100 during a state of parallel park-
ing, by making the steering angle as large as possible,
it is possible to reduce the number of times that steering
is turned back. However, if the steering angle is made
large in this manner, there is a concern that the steering
burden on the driver after the completion of the parking
exit assist control will be increased, or that traveling of
other vehicles in the travel lane may be hindered.
[0105] An exemplary case will be described in which,
in a parking exit assist control for parallel parking, it is
assumed that the size of the target steering angle θtar is
controlled at all times to be the controlled maximum steer-
ing angle θmax. FIGS. 12A to 12C are diagrams showing
positional relationships between the user’s own vehicle
10, the other front vehicle 101, and the other rear vehicle
102 during implementation of the parking exit assist con-
trol. After the parking exit assist control has started, the
"forward traveling mode" or the "rearward traveling
mode" is executed, and a time that the current steering
angle θ is changed initially to the target steering angle
θtar is taken to represent a first time of turning back steer-
ing. The position of the user’s own vehicle 10 when the
first time of turning back steering is carried out is the
assist starting position Ps. Thereafter, when the user’s
own vehicle 10 is at an intermediate position Pm, the
number of times that steering is turned back increases
each time that the "forward traveling mode" and the "rear-
ward traveling mode" are switched and turning back of
steering is carried out. Hereinafter, the intermediate po-
sition Pm when turning back of steering is carried out for
the Nth time will be noted by the variable Pm(N).
[0106] FIG. 12A shows a state at a point in time when
the "forward traveling mode" has ended after turning back
of steering has occurred for the Nth time. FIG. 12B shows
a state at a point in time when the "rearward traveling
mode" has ended after turning back of steering has oc-
curred for the (N + 1)th time. FIG. 12C shows a state at
a point in time when the "forward traveling mode" has
ended after turning back of steering has occurred for the
(N + 2)th time.
[0107] When the user’s own vehicle 10 is stopped at
the intermediate position Pm(N), the assist ECU 18
switches the process from the "rearward traveling mode"
to the "forward traveling mode". At the intermediate po-
sition Pm(N), turning back of steering is carried out for
the Nth time. At this time, the size of the target steering
angle θtar is set to the controlled maximum steering angle
θmax. Thereafter, the driver performs an operation to
release the brake pedal, and the user’s own vehicle 10
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travels forward. The other front vehicle 101 comes into
close proximity to the user’s own vehicle 10, whereupon
the detection result of the front (corner left) sonar device
91 becomes "near". The driver depresses the brake and
the user’s own vehicle 10 is stopped. The stopped posi-
tion of the user’s own vehicle 10 is set to the intermediate
position Pm(N + 1) (see FIG. 12A). At this time, since the
detection result of only the front (corner left) sonar device
91 was "near", the assist continuation determining unit
58 determines that "there is a possibility to exit from park-
ing the next time".
[0108] When the user’s own vehicle 10 is located at
the intermediate position Pm(N + 1), the assist ECU 18
switches the process from the "forward traveling mode"
to the "rearward traveling mode". At the intermediate po-
sition Pm(N + 1), turning back of steering is carried out
for the (N + 1)th time. At this time, the size of the target
steering angle θtar is set to the controlled maximum
steering angle θmax. Thereafter, the driver performs an
operation to release the brake pedal, and the user’s own
vehicle 10 travels rearward. The other rear vehicle 102
comes into close proximity to the user’s own vehicle 10,
whereupon the detection result of the rear (corner right)
sonar device 98 becomes "near". The driver depresses
the brake and the user’s own vehicle 10 is stopped. The
stopped position of the user’s own vehicle 10 is set to
the intermediate position Pm(N + 2) (see FIG. 12B).
[0109] When the user’s own vehicle 10 is located at
the intermediate position Pm(N + 2), the assist ECU 18
switches the process from the "rearward traveling mode"
to the "forward traveling mode". At the intermediate po-
sition Pm(N + 2), turning back of steering is carried out
for the (N + 2)th time. At this time, the size of the target
steering angle θtar is set to the controlled maximum
steering angle θmax. Thereafter, the driver performs an
operation to release the brake pedal, and the user’s own
vehicle 10 travels forward. The detection results of all of
the front sonar devices 91 to 94 become "undetected".
The assist continuation determining unit 58 determines
that "exiting from parking is possible". When the driver
depresses the brake and the user’s own vehicle 10 reach-
es an end of assistance position Pe, the assist continu-
ation determining unit 58 terminates the parking exit as-
sist control (see FIG. 12C).
[0110] In the example described above, at the time that
the parking exit assist control is terminated, the angle of
the user’s own vehicle 10 in the vehicle longitudinal di-
rection with respect to the direction of a travel lane 103
becomes large. Therefore, when the user’s own vehicle
10 merges with the travel lane 103, it is necessary for
the driver to steer the steering wheel 70 by a large amount
when the user’s own vehicle merges with the travel lane.
Also, when the parking exit assist control is terminated,
the user’s own vehicle 10 enters significantly into the trav-
el lane 103. Therefore, there is a concern that the user’s
own vehicle 10 will hinder traveling of other vehicles in
the travel lane 103.
[0111] Thus, with the parking exit assist device 12 of

the present embodiment, in the next "forward traveling
mode" after having determined that "there is a possibility
to exit from parking the next time", the exit-from-parking
trajectory setting unit 56 sets the size of the target steer-
ing angle θtar to the second steering angle θ2 which is
smaller than the first steering angle θ1. Consequently,
compared to setting it to the first steering angle θ1, when
the target steering angle θtar is set to the second steering
angle θ2, it is possible to reduce the angle of the user’s
own vehicle 10 in the vehicle longitudinal direction with
respect to the direction of the travel lane 103 at the time
that the parking exit assist control is terminated. Thus,
the amount of steering made by the driver can be reduced
when the user’s own vehicle 10 merges with the travel
lane 103. Further, compared to setting it to the first steer-
ing angle θ1, when the target steering angle θtar is set
to the second steering angle θ2, it is possible to reduce
the amount at which the user’s own vehicle 10 enters
into the travel lane 103 at the time that the parking exit
assist control is terminated. Thus, obstruction of traveling
of other vehicles in the travel lane 103 by the user’s own
vehicle 10 can be suppressed.
[0112] However, if the angle of the second steering
angle θ2 is too small, there is a concern that it will not be
possible to terminate the parking exit assist control in the
next "forward traveling mode" after it has been deter-
mined that "there is a possibility to exit from parking the
next time".
[0113] An example will be described assuming a case
in which the angle of the second steering angle θ2 is too
small. FIGS. 13A to 13C are diagrams showing positional
relationships between the user’s own vehicle 10, the oth-
er front vehicle 101, and the other rear vehicle 102 during
implementation of the parking exit assist control.
[0114] FIG. 13A shows a state at a point in time when
the "forward traveling mode" has ended after turning back
of steering has occurred for the Nth time. FIG. 13B shows
a state at a point in time when the "rearward traveling
mode" has ended after turning back of steering has oc-
curred for the (N + 1)th time. FIG. 13C shows a state at
a point in time when the "forward traveling mode" has
ended after turning back of steering has occurred for the
(N + 2)th time.
[0115] When the user’s own vehicle 10 is located at
the intermediate position Pm(N), the assist ECU 18
switches the process from the "rearward traveling mode"
to the "forward traveling mode". At the intermediate po-
sition Pm(N), turning back of steering is carried out for
the Nth time. At this time, the size of the target steering
angle θtar is set to the controlled maximum steering angle
θmax. Thereafter, the driver performs an operation to
release the brake pedal, and the user’s own vehicle 10
travels forward. The other front vehicle 101 comes into
close proximity to the user’s own vehicle 10, whereupon
the detection result of the front (corner left) sonar device
91 becomes "near". The driver depresses the brake and
the user’s own vehicle 10 is stopped. The stopped posi-
tion of the user’s own vehicle 10 is set to the intermediate
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position Pm(N + 1) (see FIG. 13A). At this time, since the
detection result of only the front (corner left) sonar device
91 was "near", the assist continuation determining unit
58 determines that "there is a possibility to exit from park-
ing the next time".
[0116] When the user’s own vehicle 10 is located at
the intermediate position Pm(N + 1), the assist ECU 18
switches the process from the "forward traveling mode"
to the "rearward traveling mode". At the intermediate po-
sition Pm(N + 1), turning back of steering is carried out
for the (N + 1)th time. At this time, the size of the target
steering angle θtar is set to the controlled maximum
steering angle θmax. Thereafter, the driver performs an
operation to release the brake pedal, and the user’s own
vehicle 10 travels rearward. The other rear vehicle 102
comes into close proximity to the user’s own vehicle 10,
whereupon the detection result of the rear (corner right)
sonar device 98 becomes "near". The driver depresses
the brake and the user’s own vehicle 10 is stopped. The
stopped position of the user’s own vehicle 10 is set to
the intermediate position Pm(N + 2) (see FIG. 13B).
[0117] When the user’s own vehicle 10 is stopped at
the intermediate position Pm(N + 2), the assist ECU 18
switches the process from the "rearward traveling mode"
to the "forward traveling mode". At the intermediate po-
sition Pm(N + 2), turning back of steering is carried out
for the (N + 2)th time. At this time, the size of the target
steering angle θtar is set to the second steering angle
θ2. Thereafter, the driver performs an operation to re-
lease the brake pedal, and the user’s own vehicle 10
travels forward. The other front vehicle 101 comes into
close proximity to the user’s own vehicle 10, whereupon
the detection result of the front (corner left) sonar device
91 becomes "near". The driver depresses the brake, and
the user’s own vehicle 10 stops at the intermediate po-
sition Pm(N + 3) (see FIG. 13C).
[0118] In the example described above, despite the
fact that the assist continuation determining unit 58 de-
termined that "there is a possibility to exit from parking
the next time" at the time of turning back steering for the
(N + 1)th time, the parking exit assist control cannot be
terminated in the "forward traveling mode" after having
performed turning back of steering for the (N + 2)th time.
This is because the target steering angle θtar (= θ2) at
the time of turning back steering for the (N + 2)th time
was too small.
[0119] Thus, with the parking exit assist device 12 of
the present embodiment, the exit-from-parking trajectory
setting unit 56 makes the second steering angle θ2 small-
er as the reverse distance of the user’s own vehicle 10
in the "rearward travel mode" becomes longer.
[0120] An example will be described assuming a case
in which the second steering angle θ2 is set correspond-
ing to the reverse distance in the "rearward traveling
mode". FIGS. 14A to 14C are diagrams showing posi-
tional relationships between the user’s own vehicle 10,
the other front vehicle 101, and the other rear vehicle 102
during implementation of the parking exit assist control.

[0121] FIG. 14A shows a state at a point in time when
the "forward traveling mode" has ended after turning back
of steering has occurred for the Nth time. FIG. 14B shows
a state at a point in time when the "rearward traveling
mode" has ended after turning back of steering has oc-
curred for the (N + 1)th time. FIG. 14C shows a state at
a point in time when the "forward traveling mode" has
ended after turning back of steering has occurred for the
(N + 2)th time.
[0122] When the user’s own vehicle 10 is stopped at
the intermediate position Pm(N), the assist ECU 18
switches the process from the "rearward traveling mode"
to the "forward traveling mode". At the intermediate po-
sition Pm(N), turning back of steering is carried out for
the Nth time. At this time, the size of the target steering
angle θtar is set to the controlled maximum steering angle
θmax. Thereafter, the driver performs an operation to
release the brake pedal, and the user’s own vehicle 10
travels forward. The other front vehicle 101 comes into
close proximity to the user’s own vehicle 10, whereupon
the detection result of the front (corner left) sonar device
91 becomes "near". The driver depresses the brake and
the user’s own vehicle 10 is stopped. The stopped posi-
tion of the user’s own vehicle 10 is set to the intermediate
position Pm(N + 1) (see FIG. 14A). At this time, since the
detection result of only the front (corner left) sonar device
91 was "near", the assist continuation determining unit
58 determines that "there is a possibility to exit from park-
ing the next time".
[0123] When the user’s own vehicle 10 is located at
the intermediate position Pm(N + 1), the assist ECU 18
switches the process from the "forward traveling mode"
to the "rearward traveling mode". At the intermediate po-
sition Pm(N + 1), turning back of steering is carried out
for the (N + 1)th time. At this time, the size of the target
steering angle θtar is set to the controlled maximum
steering angle θmax. Thereafter, the driver performs an
operation to release the brake pedal, and the user’s own
vehicle 10 travels rearward. The other rear vehicle 102
comes into close proximity to the user’s own vehicle 10,
whereupon the detection result of the rear (corner right)
sonar device 98 becomes "near". The driver depresses
the brake and the user’s own vehicle 10 is stopped. The
stopped position of the user’s own vehicle 10 is set to
the intermediate position Pm(N + 2) (see FIG. 14B).
[0124] When the user’s own vehicle 10 is located at
the intermediate position Pm(N + 2), the assist ECU 18
switches the process from the "rearward traveling mode"
to the "forward traveling mode". At the intermediate po-
sition Pm(N + 2), turning back of steering is carried out
for the (N + 2)th time. At this time, the size of the target
steering angle θtar is set to the second steering angle
θ2. The second steering angle θ2 is set so that the angle
becomes smaller as the reverse distance of the user’s
own vehicle 10 in the previous "rearward traveling mode"
is longer. Thereafter, the driver performs an operation to
release the brake pedal, and the user’s own vehicle 10
travels forward. The detection results of all of the front
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sonar devices 91 to 94 become "undetected". The assist
continuation determining unit 58 determines that "exiting
from parking is possible". When the driver depresses the
brake and the user’s own vehicle 10 stops, the assist
continuation determining unit 58 terminates the parking
exit assist control (see FIG. 14C).
[0125] As the reverse distance of the user’s own vehi-
cle 10 in the "rearward traveling mode" is longer, the dis-
tance between the user’s own vehicle 10 and the other
front vehicle 101 at the start of the "forward traveling
mode" becomes longer. As the distance between the us-
er’s own vehicle 10 and the other front vehicle 101 is
longer, it becomes possible for the user’s own vehicle 10
to avoid the other front vehicle 101 with a smaller steering
angle. Consequently, while avoiding the other front ve-
hicle 101, the amount of steering made by the driver can
be reduced when the user’s own vehicle 10 merges with
the travel lane 103 after completion of the parking exit
assist control. Further, obstruction of traveling of other
vehicles in the travel lane 103 by the user’s own vehicle
10 can be suppressed.
[0126] Further, with the parking exit assist device 12
of the present embodiment, the exit-from-parking trajec-
tory setting unit 56 sets the first steering angle θ1 to the
controlled maximum steering angle θmax. Consequent-
ly, it is possible to minimize the turning radius of the user’s
own vehicle 10. Thus, the number of times at which steer-
ing is turned back during the parking exit assist control
can be reduced.

[Supplemental Considerations]

[0127] The present invention is not limited to the em-
bodiment described above, and it goes without saying
that modifications can freely be made thereto within a
scope that does not depart from the essence and gist of
the present invention.
[0128] According to the present embodiment, although
automatic steering was described as an example, it is
possible for various driving modes to be adopted in which
an accelerator pedal (not shown), a brake pedal (not
shown), and automatic operations or manual operations
of the shift lever 32 are combined.
[0129] According to the present embodiment, a con-
figuration is adopted in which automatic steering of the
steering wheel 70 is carried out. However, the means by
which the current steering angle θ is changed is not lim-
ited to this feature. For example, by the EPS-ECU 76
outputting a steer-by-wire command signal to a wheel
turning mechanism, the turning angle of the vehicle
wheels may be changed to an angle corresponding to a
state in which the steering angle of the steering wheel
70 is changed to the current steering angle θ. At this time,
the steering angle of the steering wheel 70 need not nec-
essarily be changed. Alternatively, the user’s own vehicle
10 may be made to turn by effecting a speed difference
between the speed of rotation of an inner wheel and the
speed of rotation of an outer wheel. At this time, a turning

angle (yaw angle) of the user’s own vehicle 10 may be
set to an angle corresponding to a state in which the
steering angle of the steering wheel 70 is changed to the
current steering angle θ.
[0130] According to the present embodiment, the tar-
get steering angle θtar was described as being a target
steering angle of the steering wheel 70. However, the
target steering angle θtar may be a turning angle of the
vehicle wheels or a yaw angle of the user’s own vehicle
10.
[0131] According to the present embodiment, although
the sonar devices 91 to 98 are used as a means for de-
tecting the frontward distance Df or the backward dis-
tance Db, the invention is not limited to this feature. For
example, instead of the sonar devices 91 to 98, a distance
measuring radar or a stereo camera may be used.
[0132] According to the present embodiment, the de-
terminations of "there is a possibility to exit from parking
the next time" and "exiting from parking is possible" are
made in the "forward traveling mode", however, the de-
terminations of "there is a possibility to exit from parking
the next time" and "exiting from parking is possible" may
also be made in the "rearward traveling mode".
[0133] According to the present embodiment, although
the parking exit assist control is terminated after the "for-
ward traveling mode", the parking exit assist control may
also be terminated after the "rearward traveling mode".
[0134] According to the present embodiment, the de-
termination of "there is a possibility to exit from parking
the next time" is made in the event that the detection
result of only the front (corner left) sonar device 91 or the
front (corner right) sonar device 94 is "near". However,
the invention is not limited to this feature. For example,
it may be determined that "there is a possibility to exit
from parking the next time" in the event that the reverse
distance of the user’s own vehicle 10 in the "rearward
traveling mode" is greater than or equal to a predeter-
mined distance. Further, for example, it may be deter-
mined that "there is a possibility to exit from parking the
next time" in the event that an angle in the vehicle longi-
tudinal direction of the user’s own vehicle 10 after the
start of the parking exit assist control with respect to the
vehicle longitudinal direction of the user’s own vehicle 10
at the start of the parking exit assist control is greater
than or equal to a predetermined angle.
[0135] According to the present embodiment, in the
case it is determined in the "forward traveling mode" that
"there is a possibility to exit from parking the next time",
then the size of the target steering angle θtar in the next
"forward traveling mode" is set to the second steering
angle θ2 which is smaller than the first steering angle θ1.
However, the method of setting the target steering angle
θtar is not limited to this technique. For example, the size
of the target steering angle θtar may be set to the second
steering angle θ2 in the next "rearward traveling mode",
in the event it is determined in the "forward traveling
mode" that "there is a possibility to exit from parking the
next time".
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[0136] According to the present embodiment, the sec-
ond steering angle θ2, which is set as the size of the
target steering angle θtar in the next "forward traveling
mode", is made smaller as the reverse distance in the
"rearward traveling mode" becomes longer, however, the
setting method is not limited to this feature. For example,
the second steering angle θ2, which is set as the size of
the target steering angle θtar in the next "forward traveling
mode", may be set to be smaller as the angle of the de-
tected direction of the obstacle detected by the front so-
nar devices 91 to 94 with respect to the vehicle longitu-
dinal direction of the user’s own vehicle 10 becomes larg-
er. Further, for example, the second steering angle θ2,
which is set as the size of the target steering angle θtar
in the next "forward traveling mode", may be set to be
smaller as the angle of the current vehicle longitudinal
direction with respect to the vehicle longitudinal direction
of the user’s own vehicle 10 at the time that the assist
control was started becomes larger.
[0137] In the case that a user’s own vehicle (10) cannot
pull out from a parking space without turning back steer-
ing, a parking exit assist device (12) carries out a parking
exit assist control by setting the size of a target steering
angle (θtar) in an exit-from-parking trajectory setting unit
(56) to a first steering angle (θ1). On the other hand, in
the case that the user’s own vehicle (10) is capable of
pulling out from the parking space without turning back
steering, the parking exit assist device (12) carries out a
parking exit assist control by setting the size of a target
steering angle (θtar) to a second steering angle (θ2)
which is smaller than the first steering angle (θ1).

Claims

1. A parking exit assist device (12), comprising:

a front detection unit (91, 92, 93, 94) configured
to detect at least a frontward distance from a
user’s own vehicle (10) to a front obstacle (101)
in front of the user’s own vehicle (10);
a rear detection unit (95, 96, 97, 98) configured
to detect at least a backward distance from the
user’s own vehicle (10) to a rear obstacle (102)
behind the user’s own vehicle (10);
a target steering angle (θtar) setting unit (56)
configured to set a size of a target steering angle
(θtar) to a first steering angle (θ1), in a case that
a travel direction of the user’s own vehicle (10)
is switched from one to another or from the other
to the one of a forward direction and a reverse
direction; and
an assist control unit (60) configured to carry out
an assist control to set a steering angle to the
target steering angle (θtar);
wherein, in an event that at least one from
among the following three conditions is satisfied,
first condition: a travel distance of the user’s own

vehicle (10) from having switched the travel di-
rection from the one to the other and until switch-
ing back from the other to the one is greater than
or equal to a predetermined distance;
second condition: when the travel direction is
the one, an angle of a detected direction of the
front obstacle (101) as detected by the front de-
tection unit (91, 92, 93, 94) with respect to a
vehicle longitudinal direction of the user’s own
vehicle (10), or a detected direction of the rear
obstacle (102) as detected by the rear detection
unit (95, 96, 97, 98) with respect to the vehicle
longitudinal direction of the user’s own vehicle
(10) is equal to or greater than a predetermined
angle; and
third condition: an angle of a current vehicle lon-
gitudinal direction of the user’s own vehicle (10)
with respect to the vehicle longitudinal direction
of the user’s own vehicle (10) at a time the assist
control was started is greater than or equal to a
predetermined angle,
when the travel direction is switched from the
other to the one, the target steering angle (θtar)
setting unit (56) is configured to limit and set the
size of the target steering angle (θtar) to a sec-
ond steering angle (θ2) which is smaller than the
first steering angle (θ1).

2. The parking exit assist device (12) according to claim
1, wherein the target steering angle (θtar) setting unit
(56) is configured to:

set the second steering angle (θ2) to be smaller
as the travel distance of the user’s own vehicle
(10) from having switched the travel direction
from the one to the other and until switching back
from the other to the one becomes longer;
set the second steering angle (θ2) to be smaller
as the angle of the detected direction of the front
obstacle (101) as detected by the front detection
unit (91, 92, 93, 94) with respect to the vehicle
longitudinal direction of the user’s own vehicle
(10), or the detected direction of the rear obsta-
cle (102) as detected by the rear detection unit
(95, 96, 97, 98) with respect to the vehicle lon-
gitudinal direction of the user’s own vehicle (10)
becomes larger; and/or
set the second steering angle (θ2) to be smaller
as the angle of the current vehicle longitudinal
direction of the user’s own vehicle (10) with re-
spect to the vehicle longitudinal direction of the
user’s own vehicle (10) at the time that the assist
control was started becomes larger.

3. The parking exit assist device (12) according to claim
1 or 2, wherein the target steering angle (θtar) setting
unit (56) is configured to set the first steering angle
(θ1) to a maximum steering angle (θmax) capable of

29 30 



EP 3 290 303 A1

17

5

10

15

20

25

30

35

40

45

50

55

being controlled by the assist control unit (60).

4. The parking exit assist device (12) according to any
one of claims 1 to 3, wherein:

the one of the travel directions is the forward
direction, and the other is the reverse direction;
and
in a case that the travel direction is switched
from the forward direction to the reverse direc-
tion, and when at least one from among the three
conditions of the first condition, the second con-
dition, and the third condition is satisfied, the tar-
get steering angle (θtar) setting unit (56) is con-
figured to set the target steering angle (θtar) to
the second steering angle (θ2), and set the sec-
ond steering angle (θ2) responsive to the travel
distance in the reverse direction of the user’s
own vehicle (10) from having switched the travel
direction from the forward direction to the re-
verse direction and until switching back from the
reverse direction to the forward direction.

5. The parking exit assist device (12) according to any
one of claims 1 to 4, wherein, in a case it is deter-
mined that pulling out from a parking space is pos-
sible, in accordance with a condition of the front ob-
stacle (101) as detected by the front detection unit
(91, 92, 93, 94) at a time of switching the travel di-
rection from the forward direction to the reverse di-
rection, and next time, in accordance with forward
traveling after having switched the travel direction
from the reverse direction to the forward direction,
the target steering angle (θtar) setting unit (56) is
configured to set the second steering angle (θ2) to
a steering angle between a maximum steering angle
(θmax) capable of being controlled by the assist con-
trol unit (60) and a minimum steering angle capable
of avoiding the front obstacle (101).
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